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Dear Mr. Haschemeyer: 

We appreciate your interest in our solution to eliminate 
the environmental hazards posed by the cyanide contaminated 
film chips located in and around the Chicago area. Enclosed 
is a description of our proposed solution. 

Your field representative took samples at our demonstration 
on February 15, 1984, which when tested, should substantiate 
the validity of the process. 

If it would serve your needs, representatives from Michigan 
Technological University would be willing to not only supply 
additional information but also expert court testimony should 
it be helpful. 

Please call me at your earliest convenience so that we 
can answer any questions you may wish to have clarified. 

Sincerely, 

Aras G. Staniulis 
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i:. INTRODUCTION 

MRC Enterprises, Inc. of Chicago (MRC), and Michigan 
Technological University of Houghton, Michigan (MTU) are inter­
ested in providing a solution to the cyanide contaminated film 
chip problem that is plaguing the State of Illinois. This doc­
ument includes background information about MRC and MTU. The 
cyanide problem is discussed along with the proposed elements 
of the solution. At the end of the discussion, a number of 
concluding and other pertinent comments are presented. We be­
lieve our solution provides the optimal environmental protec­
tion of all options considered, and also augers some longer 
::erm economic benefit to the economy. 

II. MRC AND MTU EXPERIENCE 

MRC and MTU are uniquely qualified to solve the cyanide 
contaminated film chip problem. MRC was organized four years 
ago for the purpose of reclaiming difficult-to-recover plastic 
materials, materials that require the creative application of 
known technology for their recovery. Over these four years MRC 
has grown into a million dollar company. It occupies a 40,000 
square foot facility that has ample room to process the contam­
inated chips. (See Appendix A) Its key personnel are experi­
enced plastics recyclers, environmental and professional engi­
neers, and experienced businessmen. (See Appendix B) Briefly, 
MRC has the managerial, technical, physical, and financial ca­
pabilities to solve the cyanide contaminated chip problem in an 
economically and environmentally sound manner. 

MTU owns patent rights to a process for the recovery of 
silver and terephthalic acid resources from exposed photograph-

"" " :i.c film. This process is basic to this proposal. MTU' s Bureau 
of Industrial Development is staffed with University engineers 
and scientists experienced both in basic research and in making 
practical industrial applications of that research. Its per-
-sonnel are experienced in working with private industry in the 
solution of problems such as the elimination of the cyanide 
contaminated film chips. (See Appendix C and D). 

::il. THE PROJECT 

A. Elements of the Problem 

Of immediate concern is approximately 12 million 
pounds of cyanide contaminated film chips, although most as­
suredly there are other unknown sites harboring ever-growing 
stockpiles of contaminated chips. The subject material is ei­
ther loaded in trailers or remains in unconfined piles on 
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warehouse floors. These piles are composed of incompatible 
plastics mixed together along with dirt, wood, stones, paper, 
and other unknowns. From the standpoint of plastics reclama­
tion the greatest problem is presented by the presence of ace­
tate film in varying concentrations intermixed with the desir­
able polyethylene terephthalate film. 

The location of the material is in areas not suitable 
for processing. No matter how the material is processed and 
disposed, first it must be moved to another site. Obviously, 
•::he processing site must be environmentally, economically, and 
politically acceptable. 

There are four possible processing and/or disposal 
alternatives that can be considered for the problem at hand. 
As for the first, landfilling, there is a movement away from 
chemical waste landfilling due to the unknown long-term risks 
and liabilities associated with it. Because no one can be cer­
tain of these risks, this alternative can be best compared with 
people expecting important quests at any moment and hastily 
sweeping the accumulated dust and dirt under their living room 
carpet, willing to wait until another day to sweep it out again 
for ultimate disposal. Also, there are the political aspects 
to consider when landfilling cyanide contaminated chips in 
other states. States are normally not receptive to burying 
problems of other states. Additionally, there is no recovery 
of the valuable resources, if the material is buried. It re­
mains a potential liability without any benefits. 

Chemical treatment is an alternative that affords 
only a partial solution. Its objective is to reduce the tox­
icity of the cyanide contaminated chips to the allowable limits 
for landfilling. Some believe the present cyanide concentra­
tions allowed for landfilling are too high and, therefore, not 

'•mil' environmentally safe. However, cyanide concentrations cannot 
econo.Tiically be reduced any lower using current industrial 
methods. For this reason landfilling the treated film chips 
does not offer any significant advantages. 

Incineration is a viable alternative except for a 
njmber of significant factors. Even so there remain several 
unansA'ered environmental questions involving incineration, 
including adequate assurance to the concerned public that no 
airborne contamination occurs. Also incineration involves sig­
nificant toll charges. And again there is no recovery of valu­
able resources. 

The proposed MRC/HTU method is a patented chemical 
destruction and resource recovery process that has been 
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developed to recover silver and terephthalic acid from spent 
photographic film without the use of cyanide. The process is 
similar to the patented Wet Oxidation Process, which is a prov­
en irethod of cyanide destruction. In this application not only 
is cyanide destroyed, but one of the constituents of the film, 
terephthalic acid, is recovered. The only discharge from the 
process is a sewerable effluent with cyanide reduced to concen­
trations below 0.5 ppm. 

The costs of treatment and disposal will not be inex­
pensive. It will require the investment of private and/or gov-
;5rnment funds. Whatever the investment and whomever the 
investing or funding source, the risks must be reduced as much 
a s possible in order to ensure the successful resolution, i.e., 
elimination, of the environmental hazards in the Chicago area 
posed by the known storage sites of the contaminated film 
chips. 

B. Elements of the Solution 

We perceive the evaluation of four elements as being 
crucial to determining how to solve the cyanide contaminated 
chip problem. First, the destruction and/or disposal alterna­
tive should render the material chemically inert in a proven 
environmentally safe manner that is acceptable to the public. 
Legally safe might not be good enough. The chemical destruc­
tion of the cyanide combined with the recovery of terephthalic 
acid appears to be the most viable alternative. 

Second, the contaminated material must be contained 
and secured in a safe manner. It must prevent public access to 
i::he stored material and the leaching of material into the 
ground water. Since the material is now located in areas nei-

*•••' ther compatible with processing nor disposal, it must then be 
safely moved. To accomplish this we propose bagging the chips 
in plastic preparatory to movement to the reclamation site. 
This will provide immediate containment of the material until 
ready for processing. Loaded in trailers the bags can then 
be safely moved to the production site at 1716 W. Webster 
Street in Chicago, where there exists the necessary building 
;::acilities with the required zoning. The bags will minimize 
human contact with the material, since the bags themselves will 
be processed along with the material. 

Moreover, the presence of acetate film in varying 
<::oncentrations in the cyanide contaminated material presents 
l::he main technical problem in our reclamation process. The 
process must be adjusted for the particular concentration of 
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acetate. Therefore, the material first must be statistically 
sampled to determine the acetate concentration. Also, the 
higher the concentration of acetate, the lower the production 
of terephthalic acid. With this variance the cost of reclama­
tion will then increase proportionately. 

The factors involving acetate also support the desir­
ability of bagging the material. Bagging provides the means 
for properly mixing the chips during processing, to assure the 
uniformity of the acetate throughout the material and to yield 
the best quality terephthalic acid. 

Third, there must be a timely solution. Subject to 
the capacity of the reclamation processing system, it must be 
.inderstood that our processing will take about two years to 
complete. Construction of a 1,000,000 pound per month plant 
"rfill allow reclamation to begin relatively quickly — in about 
ten months. 

Bagging will alleviate any concern over the time in-
•>70lved to complete our processing. We realize our process may 
require greater initial time then, say, landfilling. However, 
once completed, there is no lingering decades of concern over 
environmental effects, as there would be with landfilling, e.g. 
concern over leaching to the groundwater. 

The fourth element of the solution involves the costs 
and risks associated with the processing of the cyanide contam­
inated material. We know the costs of our process, but we 
cannot quote an actual figure until the project is precisely 
defined. The costs will vary according to such factors as the 
scope of the project, the schedule of payments, the actual 
weight of contaminated chips needing processing, the concentra­
tion of acetate in the contaminated material, and the system 

^'' redundancy required by the State of Illinois EPA for safety and 
other regulated aspects. Project financing can be arranged 
after a contract is signed with the State of Illinois, speci­
fying the amounts and sequence of payments. 

i:V. CONCLUDING COMMENTS 

MRC and MTU are interested in providing the solution 
to the cyanide contaminated film chip problem. We are already 
in the plastics reclamation business and we have already 
Invested considerable funds to solve this problem. At the com­
pletion of the project, we will have taken in some 12 million 
pounds of waste deemed hazardous, chemically destroyed the cya-
iiide and recovered terephtalic acid from the film chips. 

-4-
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This unique enterprise, involving private industry 

and a university, gives both a practical and scientific dimen­
sion to this solution. MRC handles millions of pounds of 
plastic scrap every year and MTU's patented Wet Oxidation pro­
cess is currently in operation processing hazardous wastes in a 
large industrial installation. 

The long run benefit of the patented process is that 
it replaces the need to use cynanide in the reclaiming of sil-
vec from photographic films. Using this Wet Oxidation process 
will eliminate the cyanide problem from recurring in the fu­
ture. Thus, in accepting our solution, not only will an envi­
ronmental problem be permanently solved, but a new Illinois 
based industry will be created. 

'*l.i»' 
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MANAGEMENT OF MRC ENTERPRISES, INC. 

The senior management of MRC Enterprises, Inc., consists of: 

Name 

Aras G. Staniulis Vice President 
Daniel L. Eberhardt President 
John A. Wertymer Secretary/Treasurer 

The following is a summary of the background of each of the 
persons named above: 

1. Aras G. Staniulis 

George Staniulis has worked in the plastics reclamation busi­
ness for fourteen years. He began his career with Thermold En­
gineering, Inc., a subsidiary of Thome United. This company 
was an integrated manufacturer of plastic tooling and molds, 
plastic vacuum forming and fabrication, and a manufacturer of 
vacuum forming equipment. There he acquired valuable on-line 
experience as a purchasing agent, production scheduler, and 
cost analyst. 

Later Mr. Staniulis joined Eagle International Corporation, a 
thermo-plastic scrap reclaimer. As an Eagle Vice President for 
six years, Mr. Staniulis was totally responsible for opening 
their Los Angeles facility. There he operated a successful 
profit center and his responsibilities included developing new 
business, production, and marketing of plastic scrap throughout 

'I''' the United States and to other countries such as Spain and 
Taiwan. 

During the past four years Mr. Staniulis has directed MRC En­
terprises, Inc., in the areas of research and new product de­
velopment. 

In 1968 Mr. Staniulis graduated from VJayne State University, 
Detroit, Michigan, with a BS degree in marketing. 

2. Daniel L. Eberhardt 

Dan Eberhardt is an experienced manager, becoming the City Man­
ager of the Borough of Greentree, Pennsylvania, at the age of 
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24, immediately after graduating from the University of 
Pittsburg with a MBA degree. Mr. Eberhardt also holds a BS de­
gree from Northwestern University in Environmental Engineering. 

After a successful tenure in the public spotlight, Mr. 
.:Jberhardt returned to Chicago, where he worked for Thomas L. 
Jacobs & Associates, as a management consultant. Here he 
gained valuable experience analyzing the operations of several 
public "businesses", including the huge, multi-million dollar 
City of Chicago motor vehicle repair organization. 

Four years ago Mr. Eberhardt founded Campus Painters, Ltd. The 
company now employs approximately 50 painters and carpenters 
.find grosses close to $1 million last year, making it by far the 
largest house-painting company on Chicago's affluent North 
Shore. 

^^ ,̂ For the past two years Mr. Eberhardt has performed as President 
and General Manager of MRC Enterprises, Inc. 

i . John A. Wertymer 

John Wertymer has had major responsibilities in the start-up of 
numerous businesses in the years since he graduated with an MBA 
from the University of Chicago in 1969. 

In his first job, Mr. Wertymer served as Assistant to the Chief 
Operating Officer of New Community Enterprises, the development 
of the Village of Park Forest South, Illinois. The company 
grew in four years from four to two hundred employees. During 
that time Mr. Wertymer's duties included line responsibilities 
such as Director of Engineering, Superintendent of Land Devel­
opment, and Vice-President of the Park Forest South Utilities 
company. As Director of Engineering (Mr. Wertymer is a li­
censed Professional Engineer in the State of Illinois and a 
ijraduate of Civil Engineering from the University of 
Wisconsin), and as Superintendent of Land Development, he ad­
ministered the planning, designing, and construction of mil­
lions of dollars of land improvements. As Vice President of 
the Utilities Company (he was a licensed Wastewater Treatment 
Plant Operator in the State of Illinois), he was responsible 
for a multi-million dollar expansion program of the wastewater 
treatment plant and the water supply system, including pumping 
stations and water storage reservoirs. In conjunction with the 
environmental studies faculty at Governors State University he 
applied for and received Federal approval for a 4.0 million 
dollar wastewater recycling system. He handled presentations 
to the Illinois EPA, U.S. EPA, NIPC, and the ICC. 

-2-
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[57] ABSTRACT 

The process for the recovery of silver and terephthalic 
acid component from scrap film of a light sensitive 
silver compound on a Mylar substrate in which the 
film is subjected to at least a partial wet oxidation in 
an aqueous alkaline medium at elevated temperature 
and pressure whereby the M>lar substrate is de-
polymerized into components which remain soluble 
in the liquid reactant while the silver component 
remains insoluble therein to enable separation of the 
silver component and the subsequent recovery of 
terephthalic acid component bv acidification of the 
liquid phase. 

16 Claims, I Drawing Figure 
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RECOVERY OF S I L N ^ AND TEREPHTHALIC 
ACID CO.MPONENTS FROM LICIIT SENSITIVE 

FILM MATERIAL 

This invention relates to the disposal of photo­
graphic or X-ray film and particularly to the di'-posal 
of exposed and unexposed photographic or X-ray 
film of the type formed of a silvei halide emulsion 
coating on a base formed of Mylar imethyl tereph­
thalic—ethylene glycol polyester), and still more par­
ticularly to the disposal of such material in a manner 
which enables substantially complete recovery of 
silver from the emulsion coating and the terephthalic 
acid component from the film base, and in which 
such disposal and recovery can be carried out in a 
pollution-free manner. 

In our copending application filed concurrently 
herewith, and titled "The Process for the Destruction 
of Developed and Undeveloped Photosensitive Film 
and the Recovery of Products Therefrom". Serial 
No. 465.801, filed May 1, 1974, description is made 
of a process for the destruction of developed or 
undeveloped photosensitive film of silver halide 
emulsion on various organic substrates, by v^et oxi­
dation at elevated temperature and pressure, in 
aqueous medium containing a silver complexing com­
ponent, such as an amine or ammonia, whereby the 
silver released from the coating on (he substrate is 
converted to a soluble silver complex while the 
organic substrate material is consumed during the 
wer oxidation process or partial!)^ oxidized to usable 
organic components which can be recovered from 
the effluent of the wet oxidation reaction. The silver 
is separated from the solution by conversion of the 
silver from the soluble complex to an insoluble salt. 
such as by the addition of sulphuric acid to convert 
(he silver complex to a separable insoluble silver component precipitates since it has very low solu-
sulphate: or by electrowinning the silver from the 40 bility in aqueous acid medium (less than 0.02 grams 
solution in which an acid, such as nitric acid, is added per liter at 25°C). 
to enable plating out of the silver from the solution; Light sensitive silver halide coatings on film Mylar 
or by reduction with hydrogen or other reducing agent substrates represent a large segment o f the market. 
to convert the silver from the soluble complex to X-ray film, often referred to in the trade as "medical 
metal solids which can be recovered by conventional 45 green" is a major factor in the total film market and 
solid-liquid separation techniques. is almost entirely formed with a M>lar substrate. 

In the process described in the copending applica- j h e photographic film market and the movie film 
tion, the formation of undesirable silver azides is 
possible and processing to maximize the recovery of 
silver requires treatment of the liquid phase, after 50 
silver separation, since some of the silver still re-

silver cmulsiSd^oating. is segmented as b> cutimt.'. 
chopping, heating, or other me;ins of subdivision 
info relatively small p:irticles i\hich are ihen suhji-cied 
to wet oxidation and preferably partial wet oxidation 
in an aqueous alkaline medium, with constant agita­
tion, and at elevated Ijmperature and pressure, for a 
time sufficient to effect cleasage of the polyester for 
separation of the terephthalic acid component. The 

Q̂ breakdown of the polymer and the cleavage hetueen 
the terephthalic acid component and the glycol of 
which the Mylar is formed is believed to result from 
a combination of hydrolysis and oxidation under the 
operating conditions existing within the reactor. 

15 While wet oxidalion beyond the minimum to 
achieve depolymerization and cleavage can be em­
ployed without jeopardizing the recovery of silver. 
it is desirable to minimize the amount of excessive 
oxidation if recovery of the terephthalic acid com 

20 position is an objective, since additional wet oxida­
tion will result in additional combustion of the dis­
solved organic phase, with corresponding reduction 
in chemical oxygen demand (COD) of the -.olution 
and corresponding loss of terephthalic acid component. 

Under the operating conditions described for com­
plete and preferably partial oxidation of the organic 
film substrate, the undeveloped silver halide or the 
reduced silver in the exposed portion of the emulsion 
coating remains insoluble u hile the organic film base 
is reduced to a soluble state thereby to enable simple 
and efficient separation ofthe silver phase by conven­
tional solid-liquid separation moans, such as by 
filtration, centrifugal separation, decantation, and 

35 the like. The terephthalic acid component, dissolved 
in the liquid phase, after separation ofthe siher com­
ponent, can be recovered by acidification of the 
alkaline solution whereupon the terephthalic acid 

25 

30 

mains in solution. 
It is an object of this invention to provide a method 

for the processing of scrap light sensitive film, in­
cluding exposed or unexposed light sensitive ma­
terial, in which the recovery of silver is maximized, 
in which such recovery can be made in a simple and 
efficient manner with the expenditure of a minimum 
amount of time, materials, equipment and labor, in 
which when the film base is formed of Mylar or other 
ferephtha/ate polyester, the terephthalic acid com­
ponent can be recovered in good and economical 
yields, and wherein such recovery processes can be 
carried out 'without polluting the environnient and 
with the elimination of scrap film as a potential 
pollutant 

In accordance with the practice of this invention, 
the Mylar based film, with the exposed or unexposed 

55 
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65 

market is increasingly making use of Mylar as th.; 
film substrate. Since terephthalic acid represents a 
valuable ingredient, currently in short supply, con­
siderable interest is expressed in the recovery of 
terephthalic acid either as a principal product, or as 
a by-product, from the destruction of exposed or 
unexposed film and the recovery of silver therefrom.. 

The process of this invention will hereinafter be 
described by reference to the following examples 1 
to 15. and the accompanying fiow diagram. The 
examples are given by way of illustration and not by 
way of limitation of the invenlion. 

The following is an identification of the various 
film materials that were processed in the examples: 

H i m 
Code 

M G 

B L C 

General Descriplion 

Medic;il 
Green X-ray Film, un­

exposed 
Industrial liihotiriiphic frlm. 

non Mylar ba^e. exposed 

Silver con­
tent, "Tf w 

3.6 

I.I (cle:irl 
2.7 (d.irk) 

Other 

6 *! m.^i-'lure 
8h.2 \ol.i!ile' 
7 .1 rebidiie 
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1 nm 
f ode (iL^nc .;! Dc'Crpiion 

SiKer con­
tent. ' ; » Other 

I I i k V .po Sl ed film i^vp.ised 
\ I Hi.1̂ 1 ndtiMr .1 \-l.l^ niin. 

cvi 'O^cJ 
t .'.ir iie^;i.:;il. 'lor M> l;ir 

b.t^:. e vpo-,ed 
NliM.tc .1' I'll T trom Naval 

Or::i;tnct.' cc nunstrjiion 
le^is :i C .imp Pcndlcion 
C\pi'\cJ 

C P 

10 

EXAMPLES 1-15 

The run> of Fx.imples I -15 were each carried out 15 
in an :iuioi:la\e re:ictor having a capacity of one gallon 
and wilh .he cylinder, baffle :ind stirrer formed of 
titanium. 

In each e\;imple. the reactor was charged with 
1470 ml of distilled uater and the calculated amount 20 
of lllni and base material, and the stirrer vvas operated 
at lOtiO r.p,n-.. 

The auiiiclave was then closed and the specified 
amount of o\ygcn was added as pure oxygen. The 

inperatu-e 'Aiifin ihe reaciC'r was raised to a speci-
%ti»td reaction lemrieratiire and the reaction was con­

tinued for A time, all as hereinafter set forth in the 
accompanying ta.''ulation. 

At the conclusion of the run. the reaction mixture 
was coole:! rapidly by extern;il water quench and the 
reactor v,;..s then 'jp'jned. The cylinder was examined 
,iiid the rc.'tctKin product analyzed for the materials 
contained iherein. 

The effl.ient from ihe reactor was filtered to remove 
the insoiu !,'e> \vhich included the recoverable silver 
and silver laliJe components. 

The fill ate w:)s then acidified with nitric acid to 
precipiiiiie ihe ;erephihalic acid componenl which 
was tllicreiJ otf and then purified to remove entrained 40 
silver b\ lesiispcnsion in ethyl alcohol and filtering. 
Entrained siKer remains with ihe filtrate while the 
puiific'd icrepliihaiic acid component separates as a 
solid. 

,. Before each rur, the reactor vvas thorouahlvcleaned 45 
Uith a nit ic acid rinse, followed by cleaning with a 
sctiuring povvder. In Example 5. (he reactor was 
liiither purged :̂ \ pressurizing and depressurizing 
with nitro;:en gas xo eliminate any oxygen that might 
have been present. 

TAB! 

25 

30 

35 

In the examples, vari.ilioiis wc^Si^iade in the mean 
leaciion icmpcratiire, reaction lime, base m;iierial 
and film siock, as set foiih in ihc folltnving l,ibulaiion, 
to deteiniine the effect of these variables on the re­
covery of silver, leiephihalic acid component, and 
combustion of (irg.imc maieiial. Examples 6 and 10 
were atypical on .iccotim of low pH and other varia­
bles but were included for purposes of comparison. 

.All of the analyses recorded in the following tabu­
lation were carried out in accordance vviih the pro­
cedures detailed in the IIPA manual tilled "Methods 
for Chemical .Analysis of Waler and Wastes -1971" . 

The leaciion mixture was measured for pH. chemi­
cal oxygen demand (CODi. and for silver by atomic 
absorption. Cylinder liquid was tested for filterable 
solids on a No, I medium grade Whatman filler paper 
and terephthalic acid component (TPA). The latter 
involved acidification of the filtered liquid with nitric 
acid and subsequent gravimetric determination of 
the the precipitate of terephthalic acid component 
removed on the filter. The percentage recovered 
TP,A was based on the assumption that all of the 
non-moisture, volatile residues in the film were pure 
Mylar polyester. The ultimate or stoichiometric TPA 
content was calculated in accordance wilh the follow­
ing equation: 

prms volatiles I grm polymer 
.W.O prams fi/m X 0.S6:? X —̂ ^̂  

prm film I grm volatiles 

166 p r m s T P A 

IV- grms polymer 
== : : . 3 7 grms. TP . \ 

The recovered terephthalic acid component was 
characterized by IR analysis. Two importani evalua­
tions were the COD and silver content in the final 
liquid effiuent. As a basis for comparison, the theo­
retical total COD of effiuent. using medical green 
film, is about 34,500 mg/l 0. ' ilic theoretical silver 
level in the final eftluenl would run between 900 and 
1200 ppm if totally dissolved. For the purpose of this 
evaluation, no quantitative material balance was 
aliempied on silver beyond showing its absence in 
the filtered liquid effiuent. As the results discussed 
hereinafier iiidicate. the silver contents of the filtered 
effluents from all the .'ests were very low compared 
to the theoretical potential level of 1000 ppm. This 
is believed to establish that the silver was separated 
from the water soluble TPA salt. 
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No. 

I I 
i : 
13 
14 

15 

Mean 
I c m p . 

'P 

39V 
3W 
194 
396 

439 

O . 1 evcl 
mg 

;9.68l» 
3 1,02l» 
31.915 
3: .360 

.30,575 

P n n c i p j 

Ran 
Time 
mm 

i : 9 
145 
125 
130 
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I V. i r i jn lcs 

Base 

k O H 
Na.ro , 
N a O H 
N a O H 

N a O H 

,^mt 
Base (M 
Sioich 

176 
176 
17b 
176 

176 

Pi lm 

Med Gr 
Med G r 
B I C 
.Mixed 

(10) 

ITEK j 

'TPA (:i 
! Recov-
: ery. Tc 

1 

1 81.4 
94.2 
_ 

1 72 
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1 111) 
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Silver (3l 
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0.1 
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SS . I4 i 
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1452 
1020 
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1 Results 

C O D l5) 
mp,'l 0 
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71.9 
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-

I ll Pcrccn'.dCc of sIoi.h;ornclrK hjse icquired lo turin ihe sod;jin salt of leicphlhalic acid (TPA). 
(2t Ba^cil on Ifcorcticjl ' rP . \ conleni j.^urr.inw non moi.iiue. '.olalilt:, are lUO'.- Mylar. 
(3) Silver diss.ikc-d in hqind al end ol reaclion 
{41 Su,fHndcd solids in ^-vlindcr liquij uhich j ' f removed hv simple flllraiion-normithzed lo account for pot volume. 
'^< f o o -norm.i!i/cd i,> account tor pt̂ i \oIunie j r d COD conlenl. 
iftl Pcrccn-.iL'C ol C O D due to recovered TP.-X 
l7t SPIVC; in fina: elT^u,.-nl jfler solids vkerc Uiiiesfeo with jcid 
i8l .X1M> rf jiivcreJ unhvtlrolv/ed I'im r»2'" iil .h.tfjel 
(4i lmp;jre TH-V unhvdfi^Iv/ed *ilrr. rcm.iined 
I Illi M \;urc ol* 7 .̂  y-ams of ea .h oi the lc':;n' T,'. Black irdustrial. Camp Pendleton, tear medical and ITEK. 
(I l l Based on as^unipiton ihisl the Xlvfur na-ed Mlms - BI and CP - have simtl.ir M>l4r conlenl lo Ihat of mcd. green 
11^1 CcHulo.c I'irs;rs loni.nned. 

The role of oxygen in the wet oxidation process 
is indicated by comparison of Examples 2. 4 and 5. 
wherein the oxygen level was varied from 3 1.020 mg 
in Example 2. to 660 in Example 4, and the complete 
absence of oxygen in Example 5. It will be seen that 
silver recovery, as indicated by the absence of silver 
in the filtrate, was equally low (0.4 ppm in the fil­
trate) with and without oxygen, indicating that the 
separation of silver from the film base was not oxygen 
dependent. On the other hand, the amount of tereph­
thalic acid component recovered was considerably 
less in the absence of oxygen, indicating that at least 
partial oxidation in the alkaline wet oxidation process 
is beneficial to the cleavage of the polyester into its 
components. 

The amount of oxygen introduced is therefore not 
significant by comparison of Examples 2 and 4 from 
the standpoint ofthe TPA recovery, but it is desirable 
to have oxygen present to provide for at least partial 
oxidation of the organics present in the system. 

The oxygen can be added as pure oxygen, in the 
desired amount in a batch operation, but from a prac­
tical standpoint and tor commercial practice wherein 
the recovery process can be carried out on a con­
tinuous or semi-continuous basis, it is desirable con­
tinuously to introduce the oxygen into the reaction 
medium, in the form of an oxygen containing gas 
such as pure oxygen, and preferably in the form of air. 

For thiv purpose, use can be made of a -.vet oxida­
tion reactor, such as described in our copending appli­
cations Ser, No. 400.123 filed September 24. 1973, 
now U,S. Patent No, 3.870.63 I. and Ser, No, 403,652 
filed October 4. 1973 now U.S. Patent No, 3.852.192. 

By comparison of Examples I. 2 and 3. it will be 
seen that the amount of combustion of organics in 
the reaction mixture is proportional to the reaction 
temperature, with but little actu.il reduction in COD 
occurring at a reaction temperature of 353°F (Ex­
ample 3; or below, and uiih increasing reduction of 
COD at higher reaction temperatures such as the 
4 0 0 ^ of ExanipJe^2 and 464°F of Example 1, Never­
theless, the amount of silver lemamiiig in the reaction 
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mixture after filtration is seen to be somewhat inde­
pendent of the amount of oxidation under the condi­
tions described. 

Relatively low susceptibility of TPA to wet oxida­
tion, by comparison with other organics in the liquor, 
is indicated by the lesser reduction in COD due to 
TPA by comparison with the entite system. This 
indicates that the terephthalic acid factor remains 
substantially high under the reaction conditions 
described to make i; interesting to provide for com­
mercial recovery of the TP.A as well as the silver 
from scrap film. 

From a comparison of Examples 1. 2. 3 and 7. it 
will be seen that recovery of TPA is at a maximum 
at a reaction temperature of about 350''F with little, 
if any. decrease in recoverable TPA up to 400''F. 
Thus it is desirable to make use of a reaction tempera­
ture of at least 350°F with the upper temperature 
limits being dictated more by economics and safety 
factors, since the autogenous pressures m.^intained 
within the reactor are temperature dependent. In the 
preferred practice of the invention, use is made of a 
reaction temperature within the range of 325 ' -425"F 
and preferably within the range of 350°-375°F. at 
corresponding autogenous pressure for a closed 
system. 

Example 10 indicates that reaction time of 30 
minutes is sufficient at reaction temperatures of 400 'F 
and at a pH of 12.8 to 13,2, Longer reaction times are 
desirable at lower reaction temperatures, such as 60 
minutes at S^O^F. but within the preferred tempera­
ture range of 350°-375' 'F. a minimum of 10 minutes 
and a maximum of 180 mmutes is employed, with 
the preferred reaction time being within the range 
of 30 to 60 minutes. 

The amount of base in the reaction mixture, sub­
jected to wet oxidation, bears considerable infiuence 
on the amount of TP.A that is made recoverable by 
the process of this invention. This can best be ex­
pressed by the theoretical amount of base required 
to react with the TP.A to neutralize the iic'id and 
from the corresponding metal salt thereof. The values 

http://Na.ro
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given m the table are calculated on the stoichiometric 
amount as 1009J Thus the v.due of 389r in Example 
8, and 16'7c m Example 9, indicates an amount 
ccrrespondinc lo about >8 and ^ , respectively, of the 
sloichiome ric amount of bast whereas the value of 
l"6''t indicates ar excess of 76*^ over the stoichio­
metric amojn:. It will be apparent from a comparison 
of Ex;impl(;s 8 and 9 with Examples 1, 2 and 3, for 
instance, ihat with an amouni of base less than 
stoichiomeiric. the recovery of TPA falls off con­
siderably to praciically zero recovery at 38% of the 
stoichiomeiric amount. The recovery of TPA drops 
orly gradially above 200^^ of the stoichiometric 
but it is undesirable to make use of an amount of base 
in excess cf OOO"];̂  of the stoichiometric amount. 

The amciunt of base can also be expressed from 
the standpi:iint of pH of the reaction mixture. For 
instance, at a pH of less than 9, the recovery of TPA 

o - 1 ^ ^ 

10 

15 

which remains insoluble is easily removed from the 
solubilized TPA in the product of the wet oxidation 
reaction, ' 

If both TP.A and silver are desired as products, the 
use of relatively low temperature with a small amount 
of oxygen represents the preferred practice. Under 
these conditions. TPA recovery is maximized while 
capital costs for equipment is m.iintained at a mini­
mum. For special film types and for minimum C O D 
discharge from the system, the process can be carried 
out at higher oxygen and temperature levels. 

It will be understood that changes may be made in 
the details of formulation and operation without 
departing from the spirit of the invention, especially 
as defined in the following claims. 

We claim: 
1. A process for the treatment of a polyester formed 

of terephthalic acid for the recovery Oi terephthalic 
is quite lov., Besi results are secured at a pH within 20 acid and silver when present therewith as a light sensi-
the range o ' 10 tc 14 and preferably within the range live compound comprising subjecting the polyester 
of 12 to 13,5. to at least partial wet oxidation at elevated pressure 

As the b::.se. it is preferred to make use of a strong and a temperature oi at least 325°F in an aqueous 
'-tse such as an alkali metal hydroxide or carbonate, alkaline medium having a pH of at least 9 and into 

(^^^j. indicateii by Examples 2. 1 I and 12. it is preferred 25 \̂ ,fijch an oxygen containing gas is introduced in 
to make use of sovJium hydroxide or sodium carbonate an amount to provide at least partial oxidation of the 
by comipaiison with potassium hydroxide, when 
measured from, the standpoint of the silver which 
rcTiains dissolved in the liquid filtrate after separation 
of the silver solids from the product ofthe wet oxida­
tion .'caciii.'n, 5 ppm silver remains in the filtrate 
formed witli a hast of potassium hydroxide. Example 
I 1. whereas only 0,4 ppm and 0.3 ppm remains for 
sodium hydroxide. Example 2, or sodium carbonate. 
Example 12. Apparently the silver is more soluble 
in a pcitassium hydroxide solution than in a solution 
of sodium aydroxide or carbonate at equivalent pH. 

Ifxamples 13. |4 and 15 were runs made on film 

30 
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organics present whereby any silver component 
present remains in the solid phase and the terephthalic 
acid component is contained in the liquid phase in a 
dissolved state, separating any solid phase from the 
liquid phase, acidifying the liquid phase to precipitate 
the terephthalic acid component, and then separating 
the terephthalic acid component from the remainder, 

2. The process as claimed in claim 1 in which the 
wet oxidation reaction is carried out at a temperature 
within the range of 325°-425°F, 

3. The process as claimed in claim 1 in which the 
wet oxidation reaction is carried out at a temperature 

other than m;diccl green. As indicated heretofore, ^Q within the range of 350°-375°F. 

50 

Itek film is not formed with a Mylar substrate so that 
no TPA was recovered. Nevertheless, the recovery 
of silver was very high as indicated by less than 1 

"im of silver in the filtrate remaining after silver 
|j(iil(»!.-iaration. 

In Exam:)'e 14, the film treated was made up of a 
mixture of Itek, Black Industrial X-ray film (BI). 
Tear Medii.al lilm (FMi and a mixture from Naval 
Ordnance (sTPl. .All ofthe non paper based films were 
hydroly zed and the coniained silver was precipitated, 
Howexer. fibrous residues from the paper based 
Itek film w:re left behind. In Example 15. the Itek 
film was re.icted at higher temperature (450°F) which 
brought about wet oxidation of the paper and thus 
elimin;>ied solid organic residues, .As with medical 55 
green, only trace silver was present in the eflluent 
filtrated from these examples. 

It will be apparent from the foregoing that we have 
provided a process for separation and recovery of 
silver and t;:rephthalic acid from Mylar based photo­
graphic film. The film can be readily solubilized in 
aqueous alkaline solutions at temperatures above 
300 'F ever in the absence of oxygen. If no oxygen 
is present, apparently about 339c of the TPA from 
the Mylar is tied up as acid soluble species since 
on'y about (>7'.̂  of the TPA is recovered upon acidi­
fication. In the pitscnce of relatively small amounts 
of oxygen, esscnii.illy all of the TPA in the film is 
solubilized as free sodium terephthalate. The silver 

4. The process as claimed in claim 1 in which at 
least partial wet oxidation reaction is carried out for 
a time of at least 10 minutes. 

5. The process as claimed in claim 1 in which at 
45 least partial wet oxidation reaction is carried out for 

a time within the range of 10 to 180 minutes. 
6. The process as claimed in claim 1 in which at 

least partial wet oxidation reaction is carried out for 
a time within the range of 30 to 60 minutes. 

7. The process as claimed in claim 1 in which the 
aqueous alkaline solution has a pH above 9. 

8. The process as claimed in claim 1 in which the 
aqueous alkaline solution has a pH within the range 
of 12 to 13.5. 

9. The process as claimed in claim 1 in which the 
aqueous alkaline solution is formed with a highly 
basic material present in an amount of at least 100% 
of the stoichiometric amount required to form the 
alkali metal salt of the terephthalic acid component, 

10. The process as claimed in claim I in which the 
aqueous alkaline solution is formed with a highly 
basic material present in an amount within the range 
of 100% to 200% of the stoichiometric amount re­
quired to form the alkali metal salt ofthe terephthalic 

^^ acid component, 
11. The process as claimed in claim 9, in which the 

highly basic material is an alkali metal hydroxide or 
carbonate, 

12. The process as claimed in claim II in which the 
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basic material is selected from the group consisting 
of sodium carbonate and sodium hydroxide, 

13. The process as claimed in claim 1 in which the 
liquid phase after separation of any insoluble silver 
component is acidified with nitric acid to precipitate 
the terephthalic acid component. 

14. The process as claimed in claim I which in­
cludes the step of recovering the silver when present 
from the solid phase separated from the wet oxidation 
reaction product, 

15. The process as claimed in claim 1 which in­
cludes the step of purifying the separated terephthalic 
acid component by treating the separated terephthalic 
acid component with an alcohol to dissolve out any 

10 

15 

^w 10 
silver retained with the terephthalic acid component. 

16. A process for tho trc.iimetii of scrap poKcster 
formed of terephthalic 'acid for the recovery of 
terephthalic acid, comprising subjecting the polyester 
to at least partial wet oxidalion in an aqueous alkaline 
medium at elevated pressure and at a temperature of 
at least 325°C and at a pH of at least 9 whereby ihe 
terephthalic acid componenl is contained in the 
dissolved state in the liquid phase, separating any 
solids from the liquid phase, acidifying the liquid 
phase to precipitate the terephthalic acid component, 
and then separating the terephthalic acid component 
from the remainder. 
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1571 ABSTRACT 

The destruction of developed or undeveloped photo­
graphic film in a manner which permits also the recov­
ery of silver and organic components from the film 
material in which the film is subjected to wet oxida­
tion at high temperature and high pressure in the pres­
ence of a wet oxidation catalyst and a silver complex­
ing compound, and then subjecting the liquor from the 
wet oxicialion slcp to processing to separate the solu­
bilized silver which is freed from the film and to sepa­
rate components derived from the film material in the 
liquor that remains. 

20 Claims, I Drawing Figure 
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PROCESS FOR THE DKSTKUCTION OF 
DEN KI.OPED AND UNDEVELOPED 

PHOTOSENSmVE FILM AND THE RECOVERY 
OF PRODUC"! S THEREFROM 

This invention relates lo the recovery of lilvcr and 
org inic by-products from dcveIo(>cd or undeveloped 
ligMt-sensitivc emulsion on film, paper or the like base 
material. 

An extensive use is made of photographic film for 
surveillance, non-destructive testing, medical radiogra­
phy, data storage, and the like, in addition to the mass 
utilization of photographic film in cameras, the movie 
ind'jstry. and home movies, wherein the silver emulsion 
is usually provided on a transparent or translucent film 
sul>slratc formed of Mylar, irtaceuiie and the like. Simi­
larly, m such copy processes as the diffusion transfer 
prixress, for single copy work and master preparation, 
or in the photocopy ofthe Polaroid type, considerable 
U.M: is made of silver halide emulsions on substrates, 
usually in the form of high wet strength paper or plastic 
film of the type heretofore described, 

A considerable amount of Ihc material ends up as 
waste and represents a large reserve of silver which. 
l7ec;iuse of its high intrinsic value and projected short 
supply, should be recovered. 

"various techniques have been proposed for the re­
covery of silver from waste of the type described. In 
one process, the film is chopped and shredded to liber­
ate the emulsion from the film base. The finely divided 
m.i'.crial is slurried with water lo effect flotation of the 
film base while the heavier silver emulsion settles to the 
bottom of the flotation tank. The settled underflow is 
subjected to centrifugal separation to concentrate the 
silver salts, which can then be smelted to form ingots or 
bars of impure silver capable of l)eing refined by the 
Tntim process. Recovery by the described prciccss is 
expensive and oflen incomplete. 

In another process, the photographic film is inciner­
ated and pyrolyzed as by the use of molten salts 
wherein reduced silver accumulates as droplets and 
settles to the botiom of the molten salt bath. In this 
process, a considerable amount of the silver is lost by 
vuliuilizjtion and by incomplete reduction, while the 
organic film base is lost by combustion with the release 
of undesirable gases which pollute the atmosphere.. 

Many attempts have been made, in recent years, lo 
salvage the film base for re-use. These approaches have 
not found commercial success since the cost of recov­
ery is relatively high and the market for such salvaged 
base material is limited. However, where classified data 
are involved, it is necessary lo provide for complete 
dcs'.ruction of the film base, in order to prevent re­
trieval of classified information, from the image or the 
latent imjge often present as an integral part ofthe film 
baic. 

It is an object of this invention to provide a procedure 
for processing developed and/or undeveloped silver 
emulsion coated organic substrates for the recovery of 
silv'.'r and organic byproducts , in which the process is 
characterized by; 

1 complete recovery of substantially all of the silver; 
2 trealmcnt of bulk material without manual or me­

chanical pre-pr(x;cssing to minimize cost; 
3 yield of a refined or easily refined silver; '4. rapid 

prixrcssing to minimize silver inventory; 
5 minimum environmental impact; 

6 iccovcry of mnrkelable by-prixliicli from the or-
p.inic film nubstralc; and 

7. decomposition ofthe subitrate material and emul­
sion lo preclude retrieval of imagci or latent imngcs 

5 retained thereon 
These and other objects and advantages of thij inven­

tion uill hcrcunaftcr apptcar and for purposes of illui-
Irntion, but not of limitation, a flow diagram is submit­
ted herewith as representative of a process embodying 

'0 the features of this invention. 
Briefly described, in accordance with the practice of 

this invention, silver emulsion coating, developed and-
/or undevclopicd, and Ihe organic film base, such as 
triacctaie. Mylar (terephthalate acid esters) e t c . arc 

'5 placed in an autoclave together with sufficient amount 
of silver complexing agent, such as ammonium, hydrox­
ide, to form a complex compound with the silver that is 
present, such as to form a silver amine complex when 
use is made of ammonia. 

20 Sufficient excess ofthe ammonium hydroxide is pro­
vided to insure that the organic def>olymcriz;ition prod­
ucts of Ihc film base are formed as their corresfxanding 
soluble amine, amide, or the like soluble nitrogen con­
taining organic compounds resulting from the reaction ' 

-5 between the film material of the film base and the am­
monium hydroxide. 

The mixture of silver emulsion coated film base, 
water and complexing agent is subjected to wet oxida­
tion at a temperature above about 400°F but less than 

50 500°F, and at elevated pressure such as within the 
range of 500 to 1000 p.s.i g. and preferably 650 to 
1,000 p.s.i.g., in the presence of oxygen containing gas, 
such as oxygen or air. The oxygen in the form of oxy­
gen, air or other oxygen containing gas is incorporated 

35 in a ratio within the range of 0,2 to 1 ofthe theoretical 
chemical oxygen demand (COD) ofthe organic mate­
rial that is present. The mixture of film, W'ater and 
complexing agent is agitated sufficiently to insure that 
the rate of oxygen dis.solulion in the liquid phase is not 

•"' rale-limilinp to the wci oxidation ofthe materials which 
are suspended or dispersed in the aqueous liquor. In the 
preferred practice of this invention, when use is made 
of ammonium hydroxide as the complexing agent, the 
wet oxidation reaction is carried out al a temperature 

*5 preferably within the range of 460°-465''F. wilh an 
oxygen/COD ratio of 0,7 to 0.85, with the ammonia 1,5 
to 2 times the amount required to form an amine com­
plex with the silver present, all of which can be calcu­
lated in advance from the known composition of the 

''" film material to be processed. 
The wet oxidation reaction is markedly enhanced by 

the presence of a catalyst. For this purpose, use can be 
made of salts which provide free ions of copper, silver, 
and ammonia in the amount within the range of 10"' lo 

55 i()-< moles per liter, when calculated on the basis of 
copper sulphate. The silver catalyst can be supplied 
from the dissolution of silver during the wet oxidation 
reaclion or by the addition of silver salt, such as silver 
sulphate. 

*>" When calculated on the basis of ammonium sulphate 
.IS the preferred source of the ammonium ion. the 
amount of ammonium sulphate added to the mixture 
for the wel oxidation reaction should be within the 
range of 75-150 grams per liter. There is reason to 

f'5 believe, from the observations which have been made, 
that the added ammonium sulphate also functions as an 
effective wet oxidation catalyst, such ob.scrvations 
being predicated on batch experiments in which 30-40 



w^ 3.956.088 ^ 
3 4 

graiTii of chopped film tux been subjected lo wet oxida- Ferrous Metallurgy. Recovery of the Metals. Chapter 
l ion utid-rr tne condrtKini dc«.ribc(j X , p . 275, McGraw-Hi l l Publishing Com^nny, followed 

Llp<in completion of the wet oxidation reaction, all of by clectrowinning fis by the MoctMui, process; 
tJie m.aicrialk present appear To be in solution except 3. by hydrogen reduction of silver chloride prccipt-
for small or uacc umounl i o f w l i d j which can be scpa- 5 latcd from the silver amine totul ion by the introduction 
rated out a* inert material or else recycled for addi- of chloride ion; 
l ional wet oxid;;lic)n in the next batch. The liquor can 4. by direct hydrogen reduction of the i i lvcr amine 
be u.«'d again and again in the wet oxidation of addi- complex solution with ga.icous hydrogen under high 
tional emulsion coaled film unti l the concentration of temperature and pressure; ^ 
rraicral ! , builds up lo a level for cf f ic icnl removal of '0 5. by direct rcdud ion of the silver from solution by 
pr()du;:ts res^jlting from the wet oxidation, thereby to such reducing compounds as glucose and formalde-
provi f l : coIl^idcrable savings in processing steps, for- hydc. 
mulation. anci utilization of chemicals. In the altcma- . In the example described, direct reduction with hy-
tive. t'lc product from ihc wet oxidation slcp can be drogen was used by intrtxJuction of hydrogen under 
iubjecied directly lo protcs.sing for the removal or '5 high pressure in the same reactor or autoclave used lo 
rccovcTV of VLiTious of the valuable components in solu- carry out the high pressure, high temperature wet oxi-
t ior i l .crein. dation. Reduction with hydrogen was carried out at a 

Hav ng de!,cribcd the basic concepts of this invcn- tcmp)cralure of 420°-500''F under a pressure within the 
t ion. a n example of the practice of the invention wil l range of 700 to I ,(X)0 psig. The freed silver precipitated 
hr-rein.iftcr be given by way of i l lustration, but not by ^0 a^d was recovered from the liquor by filtration, centrif-
way of l imitation. ugation, dccantation, or the like.liquid-solid separation 

30.8 grams of undeveloped photographic film, con- techniques, 
i j in int ; 1.14'i l i lvcr concentrated in the silver cmul- After removal of the silver, the remaining leach l i -
xioii. on a Mylar base, was ch(>p[x:d into xmall pieces quor contains the terephthalate derived from the Mylar 

^ " ' ' .uiiJ inliiKJiiLcd along with ISO gtams of ammonium 25 fi lm base, in the form of the amine or amide. The liquor 
sulphaic. 10"'PKilcs of copper sulphate and water in an is acidif ied, as with a mineral acid such as nitric or 
aniouni ici make up 1,5 l i t c r i . into a reactor o f the type sulphuric acid to a pH within the range of 2 to 5 to form 
dcscrif.L'd in our copending applications. Scr. No. terephthalic acid which separates out as a precipitate. 
4W),123. r ow U.S, Pat No. 3,870.631 and Scr. No. It is preferred to make use of nitric acid for acidift-
403,65:;, ni>vk U.S. Pat, .No. 3.K52,192. The wet oxida- ' 0 cation, since any trace quantities of silver wil l then be 
lum reactor, in the form of an autoclave, for high pres- retainc^l in solution for recycling with a new batch of 
sure opmat ion, is provided with a high speed stirrer and pregnant complex silver solution. 
inlets fcr the introduction of air at or near the vortex of It wil l be apparent f rom the foregoing Ihat we have 
the stirrer fot immediate and uniform distribution of provided a process which, in the first place, operates 
the air ;is fine particles throughout the liquor for maxi- '5 efficiently and effectively to destroy imaged or uni-
mum dissolution of oxygen therein. The wel oxidation maged photosensitive film, and which operates effec-
was carried out with the constant introduction of air, lively and efficiently to convert the film materials into 
and coi.stant stirring, with the liquor maintained at a a form from which the silver can be recovered in a 
lemperiiture of 4 6 0 T and under l.OOO psig until disso- usable form and from which the organic materials de-
lu l ionc : the m.ilerial was substantially complete, or for 4" rived from the film base can be recovered in a useful 
about m c lo two hours. The C O D of the effluent was form. 
cakula isd as ,iJ 12 mg/1-0. It will be understood that changes may be made in 

The e'"ntK,nt was recycled lo the wet oxidalion rcac- the details o f formulat ion and operation, without de-
'||H>' lor with 32 8 grams of chopped film introduced into the parting f rom the spirit o f the invention, especially as 

ic.ictor lis a second charge The reactor was operated *5 defined in the fol lowing claims. 
in Ihe Siimc manner as before, except that a pressure o f We claim: 
V7(i psig, was used. The effluent from the wet oxidation 1. A process for the destruction of developed or 
of the s: cond batch had a COD of 685 mg/l-O. undeveloped film having a silver emulsion coating com-

Ihc lii^uor effluent from the .second batch was recy- prising the steps of mixing the film with an aqueous 
cleci for a scc i i id lime for w'ct oxidation of an addi- 50 medium containing an agent which forms a soluble 
lional 3;: 5 grains of chopped film al 4611^ and 1,035 complex with silver, subjecting the mixture to wet oxi-
psij;. Ihc effluent liquor, having a COD of 869 mg/1-0 dation at elevated temperature and elevated pressure 
was recycled for the third time for wet oxidation with while introducing an oxygen containing gas under a 
an additional increment o f 34,9 grams film, at 460°F high state o f agitation for rapid distribution o f t he oxy-
and 695 psig. Die final l iquid phase, identif ied in the 55 gen into the liquid mixture, continuing the wet oxida-
flov. diaj ram a'i pregnant complex silver solution, had a tion reaction until the chemical oxygen demand COD 
COD of 897 ng,1-0. of the organic material in the mixture is reduced and 

The fi lal cfTliicnt coniained 1,246 grams per liter of the silver and film material are converted to a soluble 
silver state v^ithin the resulting l iquor, and treating the l iquor 

The si'vcr car be recovered from the pregnant com- ^ to separate the silver, 
plex silver solulion or leach l iquor by a number of ways, 2. A process as claimed in claim 1, in which the wet 
ii icluding: oxidation reaction is carried out in the presence of a 

1. the addition of sulphuric acid to produce silver wet oxidation catalyst, 
sulphate which precipitates and can be separated by 3. The process as claimed in claim 2 in which the 
conventional wi,tcr-solid separation techniques; ^5 catalyst is selected from the group consisting of ions of 

2 the additi<jn of nitric acid to convert the silver copper, silver and ammonium, 
amine complex lo silver nitrate in accordance with the 4. The process as claimed in claim 3 in which, when 
process tlcscribcd by D. M . l . iddel l . Hdndbook.of Non- the catalyst is copper ion. the ions are present in an 
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am.iunt within the ranpe of 10"' lo 10"' molci per liter 
when calculated on the basis of copper sulphate. 

5. The proccis a* claimed in claim 3 in which the 
copper, silver and ammonium ioni are provided in the 
fnr.n of the sulphates of copper, silver and ammonium. 

6. The process as claimed in claim I in which the 
i-igenl which forms a soluble complex wilh the silver is 
a complex which forms a silver amine or amide com­
plex. 

7. The procesi as claimed in claim 6 in which tlie 
complexing compound is in the form of an ammonium 
ion. 

8. The process as claimed in claim 7 in which tl>e 
ammonium complexing compound Ls selected from the '* 
group consisting of ammonium hydroxide and ammo­
nium sulphate. 

9. The process as claimed m claim 6 in which the 
complexing compound is present in an amouni within 
the range of 1,5 to 2 times the amount required to form 
the complex with the amount of silver that is present, 

10. The process as claimed in claim I in which the 
wet oxidation reaction is carried out at a temperature 
within the range of 400''-5(XrF, 

11. The process as claimed in claim I in which the 
wet oxidation reaction is carried out at a temperature 
within the range of 460°-465°F, 

12. The process as claimed in claim 9 in which, when 
the complexing agent is present in the form of ammo- •'̂  
niuin hydroxide, the wet oxidalion reaclion is carried 
out at a temf>eraturc within the range of 460°—465°F, 
and at a pressure within the range of 500-1000 psig. 

13. The process as claimed in claim 1 in which the 
•ACt oxidation reaction is carried out at a pressure 
within the range of 500-1000 psig. 

20 

25 

35 

14. The process cs claimed in claim I in which the 
wet oxidation reaction t$ carried out at a pressure 
within the range of 650-1 (XX) psig 

15. The process at claimed in claim 1 in which the 
oxygen containing gas is air. 

16. The process as claimed in claim I in which the 
oxygen is intrcxluced in an amount to provide an ox­
ygen/COD ratio of 0.2 lo 1.0. 

17. The process as claimed in claim I in which the 
oxygen containing gas is introduced into Ihc aqueous 
liquid in the immediate vicinity of the vonex of the 
agitator. 

18. The fjroccss as claimed in claim 1 in which' the 
solubilized silver in the liquor resulting from the wet 
oxidation is separated by the addition of nitric acid lo 
convert the silver ions to silver nitrate, and then elec­
trowinning the silver from the silver nitrate solution. 

19. The process as claimed in claim I in which the 
liquor remaining from the wet oxidation step is recy­
cled with additiorval emulsion coated film through a 
subsequent wet oxidation step until the amount of dis­
solved material rise* to levels suitiible for the subse­
quent separation step. 

20. A process for the destruction of photosensitive 
film (developed or undeveloped) and the recovery of 
products therefrom comprising the steps of mixing the 
film with an aqueous medium for suspension or disper­
sion of the film in the aqueous medium, subjecting the 
mixture to wet oxidation at elevated temperature and 
at elevated pressure, while introducing an oxygen con­
taining gas under a high slate of agitation for substan­
tially immediate dissolution ofthe oxygen in the liquid 
mixture, and continuing the wet oxidation reaction 
until the film materials arc substantially converted lo a 
soluble state within the liquor, and then processing the 
resultant liquor lo separate out various of the compo­
nents derived from the destruction of the film. 
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"11.1.' 

This study was undertaken to assess 
the applicability of wet oxidation and 
ozonation to the treatment of waste­
water containing five specific pollu­
tants typical of the 114 organic conn-
pounds included on the EPA priority 
pollutant list. The pollutants, phenol; 2-
chlorophenol; 4-nitrophenol; 1,2-di-
methylphthalate and 1,2-dichloroethane 
were selected for study on the basis of 
their occurrence, structure, water 
solubility, and volatility. The ability of 
the wet oxidation and ozonation proc­
esses to oxidize these pollutants in 
aqueous solution was studied using 
batch laboratory-scale experiments. In 
the case of wet oxidation, efforts were 
made to determine the influence of 
temperature. pH value, catalyst, and 
reaction time on the degree of pollutant 
destruction. In addition, an economic 
evaluation was made of a wet oxidation 
process designed to treat a refractory 
petrochemical waste stream. For ozon­
ation, information was developed on 
the degree of pollutant destruction as 
influenced by ozone dosage and contact 
time. For both processes, the fate of 
pollutants were studied by measuring 
products of incomplete oxidation. The 
ozonation results showed that 1,2-
dichloroethane was rapidly volatilized 
and the remaining four pollutants could 
be removed to less than detectable 
concentrations, in 5 to 10 minutes, at 
initial ozone usage rates of 3.9 to 5.9 
moles of ozone per mole of compound 
removed. The wet oxidation results 
indicate that all five pollutants could be 
oxidized under the conditions of tem­
perature (204° C to 260° C) and oxygen 
pressures studied. The removal rates for 
each substance depended on tempera­
ture, pH, and catalyst and were ade­
quately described by semi-empirical, 
first-order kinetics. For both processes. 

a significant amount of organic carbon 
remained in solution after the specific 
pollutants had been rernoved. This 
carbon was slov/vly oxidized and con­
sisted primarily of organic acids and 
aldehydes. A wet oxidation process was 
designed to treat a 37,8 l /min (10 
gal/min) of a high COD (70,000 mg/ l ) 
petrochemical waste which was inhib­
itory to a biological treatment process. 
A detailed economic evaluation of this 
process indicated that an investor's 
interest rate of 20 percent could be 
attained at a treatment charge of 569 
per 1000 gallons ($17.81 per cubic 
meter) or $0.16 per pound of COD 
removed ($35 per Kg COD removed). 

77J/S Project Summary was developed 
by EPA's Industr ia l Env i ronmenta l 
Research Laboratory, Cincinnati. OH, 
to announce key findings of the research 
project that is fully documented in a 
separate report of the same title (see 
Project Report ordering information at 
back). 

Experimental Results 
Semi-batch ozonation experiments 

shovwed that: 

Phenol, 2-chlorophenol, 4-nitrophenol 
and 1,2-dimethylphthalate could be 
removed to less than detectable con­
centrations (in 5 to 10 minutes) 
through ozonation at initial ozone 
utilization ratios of 3,9 to 5.9 moles of 
ozone per mole of specific pollutant. 
However, the removal rates were 
limited by the rate of ozone mass 
transfer. During the initial stagesof the 
ozonation experiments, reaction in the 
diffusive film enhanced the mass 
transfer rate. 

A significant amount of total organic 
carbon remained in solution after the 
specific pollutants had been removed 



and this carbon was slowly oxidized. 
Increasing the initial pH f rom 6 t o 10:a) 
increased the specific pollutant removal 
rate for lahenol and 4-ni t rophenol , but 
decreased the rate for 2-chlorophenol, 
and b) decreased the tota l organic 
carbon removal rates for phenol and 2-
chlorophenol. 

Batch wet cixidation experiments showed 
that: 

All five S|:iecif ic pollutants studied could 
be oxidi,!ed under the condit ions of 
temperature and oxygen pressured 
studied. The removal rates depended 
on the substances and on temperature 
and w e i e adequately descr ibed by 
semi-em:)irical first-order kinetics. 

Alkaline pH levels markedly increased 
the rate of specific pollutant removal 
and only slightly increased the rate of 
Dial orgenic carbon removal. However, 

Huiiover the one-hour react ion per iod, 
alkaline pH levels gave markedly lower 
removals for total organic carbon and 
chemical oxygen demand. 

2upric ion acted as a catalyst and 
ncreased the rate and ex ten t of 

-emoval cif specific pollutants and total 
organic carbon. 

A significant amount of total organic 
carbon remained in solution after the 
specific pollutants had been removed 
and this carbon was slowly oxidized. 
More than three-fourths of this carbon 
was accounted for by low molecular 
weight acids, acetaldehyde and acetone. 

Bioassay tests using Daphnia magna 
indicated that wet oxidation achieved 
90 to 99 percent detox i f ica t ion for 
-ihenol, 2-ch lo-ophenol and 4 -n i t ro -

'l||il|!)henol. 

Al though acetic acid was a major end 

evident du r i ng ozonat ion. Conversely, 
oxalic acid was a relatively minor product 
d u r i n g w e t o x i d a t i o n , but was very 
signif icant in ozonation. 
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INTRODUCTION 

The proposed process which can solve the contaminated film 
chip problem is based on Michigan Technological University 
(MTU) patents of "Process for the Destruction of Developed and 
Undeveloped Photosensitive Film and the Recovery of Products 
Therefrom". In the process the polyethylene terephthalate 
(PET) film is broken down into its formative constituents of 
terephthalic acid and ethylene glycol. The silver and 
terephthalic acid are recovered as valuable products from the 
process. 

The process is related to and is an outgrowth of wet air 
oxidation technology which has a proven record of destroying 
hazardous materials. 

MTU and others have shown that wet air oxidation and the 
proposed film process which are related are capable of de­
stroying in excess of 99.5 percent of the total cyanide. The 
only products of this destruction are carbon dioxide and ammo­
nia. The cyanide concentration in the process waste liquor 
will be below .5 parts per million (ppm) and usually below 
.2ppm. 

As the process is a wet combustion process, other 
contaminants such as paper, wood, and non PET film will be bro­
ken down and oxidized. Thus, if contaminants are held to lev­
els at or below those already tested, product quality will not 
be compromised. High contamination levels, currently unknown, 
may reduce the quality of the product terephthalic acid. 

The process has been demonstrated in a pilot plant capable 
of recycling up to 150,000 pounds per month of x-ray film. 
Samples of the cyanide tainted scrap film have been processed 
in a small laboratory reactor to show cyanide destruction and 
to provide data on product terephthalic acid quality. Thus, 
the element of project risk has been minimized. 

CHEMICAL BASIS 

PET, the main constituent of the scrap film pile is a 
polymer made from terephthalic acid and ethylene glycol alter­
nating in a chain. When these materials are reacted, 
eliminating water between them, they form the polymer (plastic) 
itilm. Under conditions of moderate temperature and pressure 
(450°F and 650 psia) in the presence of water in an autoclave, 
the polymer chain is broken and the starting resources 
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recovered. The MTU patented process causes this breakdown (de-
polymerization) to occur in the presence of a strong base such 
as sodium hydroxide. The terephthalic group forms a soluble 
sodium salt of terephthalic acid which goes into solution with 
the ethylene glycol formed. 

The solution leaving the reactor will have film 
contaminants which entered with scrap film such as dirt, stones 
and in the case of untreated film silver as the only solids in 
suspension. These solids are removed in a filter for dispsoal 
or recovery of silver. The clear solution leaving the filter 
contains primarily the sodium terephthalate, ethylene glycol 
and a minor quantity of excess sodium hydroxide. 

When the filtered solution is treated with an inexpensive 
acid, such as sulfuric acid, an exchange will occur forming so­
dium sulfate which is soluble and terephthalic acid which is 

,^^, insoluble. The terephthalic acid can then be separated by 
filtration, dried, and sold to make new film. 

The ethylene glycol and sodium sulfate are best discharged 
to a waste treatment system as their recovery would not be eco­
nomical. Tests carried out on film chip process waste water 
have shown it to be biodegradable. No adverse environmental 
affects associated with the discharge will be encountered. 

As the process is similar to wet oxidation, most of the 
film contaminants will be oxidized to carbon dioxide, water, 
and low molecular weight organic acids. Fortuitiously, the 
terephthalic acid and ethylene glycol, are not altered in the 
(;;nvironment. Thus, most contaminants will not present a prob­
lem. 

As a wide range of contaminants and products are antici-
'•"*' pated, and as it is not possible to predict the mix in advance, 

an assumption was made in which half of the combustibles were 
converted to carbon dioxide and water and the balance to acetic 
acid. A mass balance summary was then prepared for each 100 
lbs. of film processed. This summary (enclosed) shows the 
flows into and out of each of the principal process steps. 
During processing, the quantities of each constituent and pro­
cess conditions will be shifted slightly to take into account 
varying amounts and types of contaminants. 

PROCESS SCHEMATIC 

A schematic of the proposed process is presented in the 
attached flow chart. It shows the major pieces of process 
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equipment starting with the film slurry being fed to the reac­
tor through the storage of product terephthalic acid. This 
system is a continuous processing version of the pilot plant 
that recovered silver and terephthalic acid from outdated 
x~ray film. 

The operation of the system is as follows: The film, 
caustic, from storage (D3, G3) and water is charged into the 
reactor (Cl). Hot heat transfer fluid is introduced into the 
reactor jacket (El) to bring the reactor to the operating tem­
perature during startup and hold it at a temperature during 
processing. An air compressor (KI) and surge bottle (C3) in­
troduce air into the reactor to control odor and burn off the 
cyanide and contaminants. Process gas leaving the reactor pas­
ses through a condenser system (E2) which recovers hot 
condensate and heats fresh water to recover energy. A back 
pressure control valve vents the non condensable process gases 
and establishes the reactor pressure. The reactor agitators 
maintain a uniform liquor/film slurry and enhances the 
gas/liquid mass transfer to provide air for the combusion reac­
tions . 

The hot liquor is withdrawn from the reactor under pres­
sure, cooled to below the flash point in a heat exchanger (E3), 
and discharged through dump valves to a holding tank (Dl). The 
reactor discharge liquor preheats the reactor feed saving ener­
gy. 

The reactor liquor containing some residual solids is 
pumped from the agitated surge tank through a filter (Yl) be­
fore passing into the acid neutralization reactor (D2). The 
filter removes solids which would be contaminants in the prod­
uct TPA formed later in the process. 

In the neutralizer, sulfuric acid is added from storage 
(04, G4) to the basic liquor and sodium terephthalate is formed 
in the reactor. In the presence of sulfuric acid, the sodium 
terephthalate reacts to form soluble sodium sulfate and insolu­
ble terephthalic acid. This slurry is pumped to a vacuum fil­
ter (Y2). 

The vacuum filter separates the liquor from the insoluble 
terephthalic acid (TPA). In the process, the TPA filter cake 
is formed on a moving belt. Once the cake is out of contact 
with the liquor, it passes under a series of wash heads which 
irinse the cake with fresh water, thus removing residual reactor 
liquor which contains sodium sulfate, excess sulfuric acid, and 
other soluble organic and inorganic constituents. This clear 
liquor is withdrawn from the filter through a vacuum system 
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(Hi, C4, G7) and discharged. The washed cake is then conveyed 
(T3) into a dryer (Y3). 

The water in the TPA filter cake is evaporated in a dryer 
which uses energy drawn from the heat transfer loop (Fl, G6). 
The design is such that the wet cake is moved through the unit 
and discharges a dried product of pure TPA which is then con­
veyed (T2) to storage (Tl) for sale. 

In support of the principal flow path described, the pro­
cess includes a number of subsystems. These include: 

o An air compressor with intercoolers, surge tank and 
controls to supply air to the reactor (KI, C3). 

o A sodium hydroxide system for the transfer and me­
tering of sodium hydroxide from tankage (either 
railcar or truck) into the reactor (D3, G3). 

o A heat transfer loop consisting of a furnace/heater, 
expansion tank, and circulating pumps for providing 
energy for reactor heatup and temperature maintenance 
and energy required for the evaporation of water in 
the dryer (Fl, G6). 

o A sulfuric acid system for the transfer and metering, 
under pH control, of acid from tankage into the neu­
tralization reactor (D4, G4). 

o A vacuum system for the removal and discharge of 
waste process liquor from the TPA filter (HI, C4, 
G7). 

In addition to the above equipment, a quality control lab­
oratory will be provided to monitor the feed and product mate­
rials at each step of the process. 
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IFfi RECOVERY PROCESS 

MASS BALANCE SUHHARY 

Basis -- 100 lb filii 

MATERIAL 

SCRAP: 
Hylar 

Inorqanic/Dirt 

Cosjustable 

R e ^ ^ i t s : 

Kt t t - ' ^ 

Sodiuii Hydro;!ice 

St l -ur ic AcitI 

Air ; 

0>vD9n 

N:.troi:eri 

Products: 

Hater 

'5od!un Terep'ithalate 

Terephthalic Aciii 

Sodius i;retate 

Acetic h:id 

Sodiun Eicarjonate 

Carton I'loxide 

SodiuE SuHate 

lene Glycol 
* Kill-

Dther: 

Hater uapor o^fi 

Water (TPA f : l t e - wash! ' 

Reactor 

In 

(100.00) 

90.00 

3.00 

7.00 

i i i . 70 
52.50 

ie55.SCFi 
li.OO 
52.70 

Reactor 
Out 

3.00 

585.99 

52.70(g) 

i.75 
99.44 

10.25 

21.00 

29.Oi 

BO.71(g) 

Filter 
Cake** 

3.00 

5.52 

,92 

.10 

.20 

.27 

Filter 
Liquid 

587.22 

97.52 

10.15 

20.80 

28.79 

Acid 
Reactor 
In 

587.22 

iii4.31 

97.52 

10.!5 

20.80 

28.79 

Acid 
Reactor 
Out 

587.22 

.60 

4.46 

77.09 

7.43 

10.89(g) 
92.31 
28.79 

Acid 
Filter 
Cake* 

179.55 

.01 

^7.09 

.02 

.23 
.07 

Acid 
Filter 
Liquor** 

1132.13 

.59 

7.41 

92.08 
28.72 

(720.00; 

Dryer 
Cake 

0.00 

.01 

77.09 

.23 

Dryer 

Vent* 

179,55(gi 

,02(gl 

,07(g) 

TOTALS 83^90 887.90 10.10 744,43 808.79 808.79 256.97 1260,93 77.33 179,64(g) 

* Prcduct Stri-di 

t* l>;;te Streaii 
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APPENDIX F 

BANK LETTER OF REFERENCE 
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CitizensBank 

%»' 

m 

Wi! iam D- McGuire 
Vice President 

February 13, 1984 

Mr. Daniel L. Eberhardt 
MRC ENTERPRISES, INC. 

(|ig|i 1717 Webster Avenue 
Chicago, IL 60614 

RE.: Cyani(ie Contaminated Film Chip Froject 

Dear Dan: 

We appreciate your advising us as to the exciting prospects 
concerning the possibility of a contract being entered into 
with the State of Illinois. There certainly has been a goo(i 
deal of information discussed about this problem. 

Our Bank would certainly be interested in reviewing the 
financial requirements of this Project in order to, hopefully, 
assist you with your credit needs. 

Due to your excellent relationship with us to date involving 
a sizeable line of credit as well as equipment accommodations, 
I feel that a realistic proposal from you would be positively 
considered. I will look forward to hearing more about the 
Project to see if we can be of assistance. 

William D. McGuire 
Vice President 

WDM/ds 

Citizens Banl. MrLst Coinpanyi 
One Northwest Hignwoy • Parte (?idge, Illinois tO06& 
3t2-3W .1)00 • 63V4270 




